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I NTRODUCTION 
Succinic a.nd malic dehydrogenases are respi ratory enzymes, 
which form an ir11portant link in the chain of r eactions concerned 
with oxida tion of ca rbohydrates , lipids , and proteins . 
They catalyse the transfer of protons from succinic and malic 
a cids respect ively t hrough hydrogen acceptors t o mol ecul ar ox-.)Tgen 
to form water and thereby liberate a certain amount of energy . Thi s 
energy i s used for body heat and for synthesis of high energy phos-
phates. 
Al though succinic and malic dehydrogenases a re enzymes of t he 
cyclophorase system, usually associat ed Hi th the mitochondri a of cells ,. 
the possibility t hat they may fino_ t heir Hay into blood pl asma is 
suggested by the following considerations : 
First, tl1e presence of several enzymes t hat occur intra cellularly 
in anirnal tissue have b een demonstrated i n t he blood-for example , 
a l kaline phosphatase (21) and aci d phosphatase (2,4.). 
I 
Secondly, there was a t irne 1-rhen enzymes concerned Hi th oxidation 
and reduct i on Here thought to be as a rule absent from plasma , but 
1-Jarburg aJ:l..d Christ~n ( 68) ( 69) and more recent workers (J',) (15) have 
demonstr ated not only the presence of glycolytic enz~wes , but a lso of 
non gl ycolytic oxidative enzymes lDce xanthine oxidase , peroxi dases , 
catala se , and glutami c dehydrogenase • . 
In the thil~- pl a ce , the demonst~ation of i socitric dehydrogenase 
in t he solubl e fra ction of the liver cell by Heclcn&Jfel (50) and of 
a conitase , mali c , and isocitric dehydrogenases in the soluble fraction 
of chi cken erythr ocyte by Hubinstein et a l ( 52) suggests that some of 
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the enzymes of the cyclophorase syst~ may not always be insolubly 
attached to the particula te fraction of mitochondria, but that they 
may, depending on the cell membrane condition, be able to leach out 
into the surrounding fluid medium. 
' ' The phenomenon of oxidative phosphorylation in non mitochondr i a l 
syst~s obs er ved b;)r Green aDd ot h ers (7) during succ:LT:..ate oxidation by 
heart muscle weakens the structl~al barrier theor,r of cellular parti-
culates. 
Fourth, blood plasma contains proteins and enzymes in equilibrium 
with proteins and enzymes of formed el~ents and also of tissue cells. 
While this explains ivby some tissue chailges are reflected ill the blood 
plasma, it also suggests that many tissue-cell enzymes nay be demonstrated 
in the plasma. 
- -
Fifth, there is even no clear connection bet1-reen metabolic activity 
and succinic oxidase activity, since there are some tissues with normB.l 
respiratory activity but with practically no succinoxidase activity, 
for example spleen and several tumors (58). On the other hand, absence 
of succinic oxidEtSe is not characteristic of cancer tissue, since some 
like Jensen sarcoma (58) always have definite activity. The important 
point is that absence of respiratory activity in the plasma does not 
exclude the possibility of the enzymes, malic and succinic dehydrogenases, 
being there. 
There is no doubt that the presence or absence of these enzymes ·in 
normal serum, if definitely ascertained, would be of significance. If 
they are s.bs€mt in normal plasma, then their occurrence in patients 1 
plasma may be of diagnostic value, bearing in mind that certain disea ses 
are sometimes characterized by eyperactivity or hypoa ctivity of the cellular 
metabolic system. If they are present in normal plasma, then their absence 
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in patients .• plasma may be still diagnostically important. Finally, 
the relative concentrations of the two in normal and pathological 
sera. may be of some use in diagnosis and possibly in therapy. 
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HISTORY_ 
Malic d_ehydrogenase was discovered in 1911 by two independent 
workers viz Thunberg (63) and Battelli et al (12,13a). Substrate 
of malic acid was found to be debydrogena ted with animal tissue as 
a source of malic dehydrogenase. Anderso-n ( 5, 6) , working vri th dried 
yeast and Holmberg (25) with extracts of vmshed muscle, discovered 
and proved that a coenzyme is required in the reduct:ton of methylene 
blue (MB) by the malic dehydrogenase. This coenzyme now knovm as 
diphosphopyridine nucleotide (DPN) seems to be required in all bio-
chemical reactions involving the transfer of hydrogen from malic acid 
to a hydrogen acceptor (a dye, or il}Jlecular 02). 
lhlic dehydrogenase has a very wide distribution. It is found 
in brain, heart, liver, muscle, kidney and other animal tissue (64,65). 
It is found also :i.l1 yeast ( 6), iU certain bacteria (22) such as E. 
Coli, ,and iU higher plants (5). Green (23) found high concentrations 
in the tissues of rat, rabbit and pigeon. He precipitated an extract 
of pig heart muscle at pH 4.6 and used the fraction for an extensive 
study of malic dehydrogenase. 
Straub ( 61) isola ted malic dehydrogenase by extracting acetone-
dried pig heart muscle with .lN phosphate buffer at pH 7.3. It was 
demonstrated by Sisakyan (59) that there is considerable malic dehydro-
genase activity in the chloroplast of clover leaf. MCShan et al (,f4.) 
reported increased activity of malic dehydrogenase in lutein tissue of 
rat during pregnancy. The malic dehydrogenase a.ctivity of copora lutea 
during the course of pregnancy rose to a maximum on the 11th day, vrh:i.le 
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there was siginificant rise in malic dehydrogenase a ctiv-ity on the 20th 
day of l a ctation. 
On the other hand, Agather et al (l) reported that total dehydro-
genase a ctivity rras independent of sex, strain, and age of the normal 
a!'l..d tumor bearing rats she tested . Addition of coenzyme I accelerated 
the total dehydrogenase activity of muscle, liver, and brain of normal 
and tumor bearing animals. · 
The presence of malic dehydrogenase in dolphin tissues 1-ras demon-
strated by K~nneth et al (3*1 who found that the heart muscle contained 
the greatest concentration of the respiratory enz,r.mes (qytochrome dehy-
drogenase, succinic and malic dehydrogenase, etc.) as ia also the case 
with rat tissues. The dolphin tissues however, have less of these enzymes 
than the corresponding rat tissues. \fuether this reflects a lower meta-
bolic activity as compared with rats is not certain. In contrast to the 
situation present in the rat, ca* affect~ very little the adenosinetri-
phosphatase (ATP)· activity in dolphin tissues, while Mg* a11..d MD.++ defin-
itely have a stimulating effect on the hydrolysis of ATP by tissue homog-
enates. 
With the methylene blue method of ThUnberg the malic (also succinic) 
dehydrogenase activity of the pupas of calliphora erythrocephala was 
found by Agnel1(3) to be correlated with morphological changes which take 
place with increasing age of pupas. 
Succinic Deh.Y.fl..F.9~~ The presence of succinic dehydrogenase Has 
first dis covered by Batelli and Stern (13b). Elliot et al (18) investi-
ga ted the distribution of these enzymes in various animal tissues and 
reported a considerable quantity of succinic dehydrogenase in rat kidney, 
liver and heart. They showed that when cytochrome conce-ntra tion is low· in 
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the homogenate, that the addition of cytochrome c accelerates the 
reaction of succinate oxidation. 
Breusch (1.4) reported small or moderate amounts of the same 
enzyme ill brain, testes, skeletal muscle, lungs, adrenals, spleen 
and retina. On the other hand hemolysa tes of pigeon blood and 
chicken erythrocytes have a fairly large amount of succinic dehy-
drogenase as opposed to rabbit and human erythrocytes which have 
little or none, (Ashwell (8)),(Baker & Hunter (11)) and (Rubenstein 
et al (52)). 
A method of determining the activity of tissue homogenate was 
reported by Schneider and P~tter (54) (55) who, using the lfJarburg 
apparatus, found that it ~~s n~cessary to add Al+++and Ca++ for 
maximum activity of ~e homogenate. They determined the a ctivity 
in heart, kidney, liver, brain, skeletal muscle, spleen, lung, and 
Jensen Sarcoma of the rat. They also determined the ppt:iJnum concen-
+H- +t 
tration of cytochrome c, Al and Ca • 
In conneetion 'Hith the activation of succinic dehydrogenase 
reactio-n by certain cations, Horecker, Stotz, et al (27) were the 
first to show that Al-H+ activ-ates the reaction of succinj.c dehy-
drogenase. Axelrod et al ( 9) foUnd . that Ca * does the same. They 
postulated that Ca++ accelerates the destruction of DPN, which if 
not destroyed, might promote the formation of an inhibitory oxaloa-
ceta te by the malic dehydrogenase present in the homogenate·• This 
would be the case when malic acid happens to be also in the homo-
genate. 
• 
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Succinic dehydrogenase activity in endocr,ine tissues were reported 
by McShan (~ while Fawcett (20) reported more succinic dehydrogenase 
activity in the brmm adipose tissue than in the white. 
Several reports have recently appeared on the correlation cif changes 
in succinic dehydrogenase activity of various· tissues with changes in the 
function of these tissues. According to Potter et al (49) the activl.ty 
in the liver of the rat embryo increases rapidly during late embryonic 
and early post-natal life, and reaches the a dult level 15 days after 
birth. It increHses during pregnancy in functional cd"pora lutea of rat 
ovaries being 2! times than in non functiona l diestro,_;,s c4;ora .- • It has 
also been reported that the activity of the enzyme increases in develop-
ing chick embryo (4) just as it does in developing young dolphin a.s 
compared with t he adult (~ • 
Schneider and Hogeboom (53) fractionated liver and hepatoma of 
mouse by differential centrifugation into a nuclear, a mitochondrial, a 
submicrooscopic particulate, and a supernatant soluble fraction. The 
distribution of total nitrogen and of succinic oxidase and cytochrome 
oxidase activities 1-rere studied in the various fractions. The succinic 
oxidase and cytochrome oxidase activities of hepatoma 1-rere only about 
one-fifth as great as the activity of the same enz.rmes in the liver 
homogenate. 
Just as in the case of malic dehydrogenas e, the dis tribution of 
succfuic dehydrogenase in dolphin tissues was studied by Kenneth and 
Gelling et al (~ • The results were comparable to those of malic 
dehydrogenase already discussed (1). 
William ancl Denton (70) foUnd that methionine deficiency in rats 
reduceS liver succinic dehydrogenase slightly, but completely abolisheS 
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xanth:i.D.e dehydrogenase activity. 
:in his study of succinic oxida se a nd dihydrocozymase (DPNH) 
oxidase systems in heart muscle and kidney preparations, Slater (60) 
found that different enzymes are involved in a ctivating the substra tes 
(sucd.nate and DPNH2), but that subsequer:t reactions of the H atoms 
follow simila r patterns. Malonate inhibits oxidation of succinate but 
· not that of dihydrocozymase. Fa ctors vhich affect the British lmti-
Le>dsite (BAL.) sensitive factor cytoch;r-ome c inhibj_t oxidation of both. 
Also phenylurethan, carbon monoxide, and cyanide have the same effect. 
More recently Cooperstein et al (16) reported a microspectropho-
tometric method for determination of succi!"..ic dehydrogenase. The kidney, 
heart, liver, bra in, lung and stria.ted muscle of r a ts were assayed and 
results were discussed. His result was essentially in agreement with 
the results of previous vrorkers. 
Besides methylene blue, quinones and phenol cre~l blue, 
the tetrazoliums salts are new additions to vital dyes tha t are of use 
in biochemica l investigation of dehydrogena se activity. The works of 
Kuhn a nd Abood <31) a nd those of Yoshia Saveda et al (71) bear testimoey 
to this • . Along similar lines.Yoshio (7.t) reported proceedures for and 
results of his tochemical demonstra tion of succinic. dehydrogena se activity 
in kidneys using blue tetrazolium salts. Malonic acid (M/80), maleic 
acid (M/80) a !ld ~ethan had a marked inhibitory effect on the enzyme in 
aerobic conditions, but had no effect in anaerobic conditions. 
More recently, Koppel et al (3~ reported modera te dehydrogenase 
activity in a versene-collected freshJ.y prepared human platelets. Using 
the method of Kuhn and Abibod (~7) they noticed tha t completely lysed 
platelets have no dehydrogenase activity. It seems that the platelets show 
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dehydrogenase activity only when they are morphologically intact. 
Addition of gluthathione resulted in 253% activation of the dehydro-
genase activit,y. Cysteine, mercaptoethenol, ~hiomalic acid, thio-
glylolic acid, respectively, caused 166%, 62%,32%, and 5% activation. 
It has since been indicated by Neish ~a) that serum from rats 
with transplanted tumors were less effective than nonnal rat serum 
for reducing 2,3,5,-triphe:nyltetrazolium chloride as determined polar-
ographically. There was a negative linear correlation between the 
per centage of tumor weight and the dye reduced. Cancer serums mair.J.y 
gave a red color with the dye while normal serum gave a purple color. 
BODY OJ_. T!lli THESIS 
I. The TTC Reduction Method. 
1. Choice of Method. 
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There are at least four established methods for the determin-
ation of succinic ar~ malic dehydrogenases. They are: 
1) Measurement of 02 uptake in a vTarburg apparatus (55). 
2) Measurement of the time of decolorization of methylene 
blue (MB) using the Thunberg Technique (6_6), (,4.7). 
3) Measurement of the amount of 2,3,5-triphenyl tetrazolium. 
chloride (TTC) which is redu ced to the formozen using the method 
of Kulin and Abood. (.d..,q), (37), (71), (35), (33. • 
4) Measurement of the rats of reduction of cytochrome C at 550 mu 
for succinic dehydrogenase (16), ane, of reduction of (TPN) or 
diphosphopyridine nucleotide (DPN) at 334 mu for malic dehydro-
genase (25). 
From the methods listed, two methods vrere chosen. They are; 
1) Measurement of the amount of 2,3,5-TTC vhich is reduced to the 
formozen using the method of Kuhn and Abood. 
2) Measurement of the time of decolorisation of MB using the Thunberg 
Technique. 
The two methods were chosen because they involve the handling of 
iD.e:xPensive and time saving equipment; at the same time they do not 
sacrifice accuracy for simplicity. 
2,3,5-TTC is a stable dye, inexpensive and connnenlially available. 
It dissolves in water, acetone and toluene and the reduced formozan stays 
reduced in the presence of air. Unlike NB, it does not require cyto-
chrome c, diaphorase, KCN. It is a compara tively ne1.;r tool in the 
' \ 
investigation of biological oxidation. 
Measurement of Dehydrogenc~e act~vj.ty BY the use of 2,3,5-T.T.C. 
TTC, first synthesized by P.e.. ·~n and Runge in 1894 (4.6e) ex-
tensively investigated by Kuhn and Jarcel (~~), and proposed for 
a living tissue test by }futson (~ ) , is a col orless water soluble 
dye, with apparent redox potential of -.08 volt at pH 7 (33). 
Kuhn and Abood and more recently, Yoshio Sawada et a l (71) 
have adapted the reduction of the dye to the quantitative colori-
metric determination of dehydrogenase activity. The dye accepts 
hydrogen (proton) from a substrate in the presence of the specific 
enzyme and in doing so becomes reduced to a red water-insoluble 
formozan. This formozan can be dissolved by acetone, toluene, 
xylene, etc., and in this way can be mea sured and estfuated colori-
metrically in a suitable photometer. The postulated reaction is as 
follows: 
~) 
The importance of careful control in reaction with 2,3,5-tri-
phenyltetrazolium chloride, cannot be overemphasized. This is be-
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cause of the sensitivit.y of the dye to bright sunlight, to change in 
.Eli and to reducing agents of various types. A very recent polaro-
graph study (28) showed that above the pH of 6 the dye is reduced 
mainly to the red water-insoluble formozan. In a very strongly 
alkaline pH (12.5-14) and in absence of light it is spontaneously 
reduced to the red formozan. More recently the reduction of TTC 
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(by normal serum) has been reported and has been correla ted with the 
serum alkaline and phosphatase activity (67). The accura cy of the 
results from the differential reduction that would be expected from 
reaction with serum will depend on the effectiveness of the control 
used. 
Mea surement of Ellzym.e Activity by use of Met_by]-ene Blue (Thunberg 
Technica,uel 
Thunberg demonstra.ted the presence in frog muscle of dehydro-
genases capable of bringing about the oxidation of not only lactic, 
citric, glutamic, and glycerophosphoric acids, but also of succinic 
and malic acids. His method (63),(64),(65), consisted essentially 
of reacting the tissue homogenate with MB in the presence of the 
desired substrate in an evacuated Thunberg tube. MB accepts hydrogen 
from the substrates in the presence of the specific enzymes and becomes reduced 
under anaerobic conditions to leuco-methylene blue. In dilute tissue 
homogenates diphosphopyridine neucleotide (DPN), a necessary hydrogen 
acceptor in this reaction, deteriorates very fast; it is usual there-
fore to fortify the reaction mixture with DPH. Diaphorase is a flavo-
protein which catalyses the reaction of hydrogen from reduced DPN (DP~ffi) 
to NB a11d is also required in this reaction. Straub, (61) and Green (23) 
used KCN .atld NaG.H ' respectively in the determination of malic dehydrogenase, 
using MB with 'tolar burg vessels. KCN was supposed to inhibit the reconver-
sian of oxaloacetice acid (formed as a result of oxidation of malate and 
pyJrilvate) to malate either by inhibiting the enzyme mediating this reaction 
or by fixing the oxaloacetate formed. Cyanide also inhibits cytochrome dehydro:-
genase and the reaction which it catalyses. 
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2. Preliminary Investigation 
Having decided on the two methods, certain questions arose in 
connection with the use of TTC, especially iD. relation with malic 
deh_ydrogenase determination. Si.D.ce the expected amount of the two 
enzymes . in plasma, if any, may be very small (because of the low 
values reported for whole blood) it is necessary to work under opitmal 
condition. A preliminary investigation was made to ascertain the 
folloHi:ng: 
1) The effect of Vdrying concentrations of TTC on malic and succinic 
Rer_ydrogenase activity. 
2) The effects of the absence or presence of DPN, KCN, and diaphorase 
in the reduction of TTC by the malic dehydrogenase system. 
3) The effect of varying the concentration of DPN, on the reduction of 
TTC by malic dehydrogenase. 
4) The pH curve of malic and succinic dehydrogenase system in the reduc-
tion of TTC. 
5) The effect of varying the concentration of buffer in the reaction of 
TTC by malic and succinic dehydrogenases. 
Rat kidney and liver were used as sources of the t~o enzymes. The 
works a1m methods of Kuhn a11d Abood Cb7) and of Jansen (~9) were arbitr-
arily taken as a starting point. 
Tbe concentration of the factors, the effects of which were to be 
determined, was varied over a reasonable range. The degree of the reduct-
ion of the dye iD. comparison with the arbitrary basis or standard, give$ 
in each aase an idea of how the enzyme reaction was influenced by the 
variation in concentration. 
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The result of this investigation was most useful in the case of 
the malic dehydrogenase s.rstem ~~ere t here were no previous data com-
pzrable to those of Kuhn and Abood who used succinic fiehydrogena.se. 
The results of these investigations are summarized in Table I. 
TABLE I 
OPTIMUM CONDITIONS FOR EN2YME ASSAY 
---Factor System Optimum Cone Final Volume 
and pH Ran_ge_ 
TTC Both .12% 2.5 ml • 
DPN Malic • 072% 2.5 ml. 
Phosphate 
Buffer Both m/2--m/32 (range tested) 
pH Mali~ 8- 8.6 2. 5 ml. 
Succinate 7.5 - 7.8 2.5 ml. 
The concentrations of substrates, dye buffer, homogenate, with the except-
ion of those factors that are being varied, are those used by Kuhn and 
Abood, (succinic) and Jensen (malic). The preceding tabulated summary, 
(Table I) was obtained from the experimental data in Table II, III, and 
IV. 
-u.-
TABLE II 
EFFECT OF VARYING THE CONCENTRATION OF THE DYE (TTC) ON MALIC 
AND SUCCI~~C DEHYDROGENASES ACTIVITY USING THE ~ffiTHOD OF KUHN 
AND ABOOD AS BASIS. 
Optical Density 
Concentration of dye(in %) Malic Dehydrogenase Succinic Dehydrogenase 
.005% 
.01% 
.025% 
.05% 
.1% 
.2% 
.25% 
.3% 
.35% 
.L:.% 
.45% 
.50% 
0 
.010 
.025 
.155 
.365 
.350 
.350 
.350 
.470 
.550 
.450 
.295 
0 
0 
.065 
.123 
.133 
.140 
.120 
.260 
.650 
.375 
.275 
.375 
Figure I is The Graphical Representation of These Data 
TJtBLE III 
THE EFFECT OF VARYING THE CONCENTRATION OF DPN IN RAT KIDNEY lvfli...LIC 
DEHYDROGENASE ACTIVITY USING THE NETHOD OF JANSEN. 
DPN Concentration 
% of one ml added 
to Rx mixture of 2. 5 ml. 
.• OJ,(?% 
.02% 
.0~% 
.08% 
1.2% 
1.6% 
1.8% 
Total % of 
Rx mixture 
.0071% 
.0088% 
.0176% 
.0352% 
.0428% 
.0704% 
.0792% 
The Graphical Representation is Shown in Figure II. 
Optical Density 
~24 mu 
0 
.120 
.225 
.600 
1.132 
1.150 
1.185 
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T.A..BLE IV 
THE EFFECT OF pH VARIATION ON ~1ALIC AND SUCCINIC DEHYDROGENASES 
OF RAT KID~""EY. 
Tubes Tubes pH pH Optical Density 485mu 
~ic Succinic Malic Succinic Malic Succinic 
.A A 6.3 6 0 0 
B B 7 6.2 .082 .075 
c c 7.3 6.695 .100 .095 
D D 7-4 7 .125 .2 
E E 7.65 7.5 .225 .1;.75 
F F 7.8 7.6 .375 
-480 
G G 8 7.7 -~55 -475 
H H 8.5 7.8 .460 
-465 
I I 8.6 8 
-455 .320 
J J 9 8.3 .223 .095 
K K 9.5 8.5 .125 .010 
L L 10 10 0 0 
M M 11 11 0 0 
~he Graphical Representation is Shown in Filures IIIa and IIIb. 
The effect of omission of DPN, KCN, and Diaphore.se respectively 
on ~~e reduction of TTC by rat liver malic Hehydrogenase is shoW11 in 
Figure IV. 
FIGUP.E IV 
THE EFFECT OF OHISSION OF DPN, KCN, A.ND DIAPHORASE IN THE REDUCTION OF 
2; 3, 5-TTC BY RAT LIVER lvfP.LIC DEHYDROGENASE. 
Test Tubes M N c p Q R s T X 
/ I I I \ I 
Factors Missing (Diaphorase) KC DPN Nothing DPN 
' \ Diaphorase I 1 \ I 
Optical Density .680 .595 1.)0 1.37 .165 .155 .780 .790 .05 
dil X4 
.680 .710 
- I I -~- I 1 - _!j t I ' _j_~ ·-t-+r I ' =:!:- I I I ' 
-1-+--++---t----t-+-++-+--+-1--++1-+--+ -H-+-,---f-f- - I - ,- :i - _i i,·,i -J=t±l- -::,_='It ~~~·- 1- -j- - - I 1- it=!= 
. --j- - . -- 1- -f I . H+: -I- IT' l -- - -j-+- +r-+-
_j_ , . ' . __ j_j_ r--f--1 .j . r-f-!- 1 I _l ___ _j_ _j_ II _j_l __ I I _ ~--1--1- _ 1- -)-f-'-I-1-!--~--Q<..l--f-1-+--l-l--ii-I-H--f-1-~-L - -I..J -A I..~+ I I r..-k<~~l.~~' _; 1-+---t-l-f- ' -f-----1-- 1-H-++~- -1 I I 1-1· - h-~-+-l_L c--j+H--~1- - ::..: ~I "' "-"'" - M . ..., _1_,'-f-PP ~'l t'-=:-" --r~-, ~ I-- ~--~ -- __,_j_ F --+-<- -hilT I_ -+-!1-H''-1 ~-+-+--,.L.J--1--+ ·-..:.;>-.11-l~~:t-. -1- >-t-~ ~-c-H 1 I l-su-(~ -}~n -' n£H'i:M o'tlk s., -1-'--+-"-' · r · 1-'- r 1 l ! +++-- 1 : · 1 -r- -1 1 1 
1 ::_~ '-p-~ .... ~ .L .I I I 
I-l-l...!....!-+- I - - -I- -.,~ - r-~ ~- ~- tl il Wl'~l~--. it . i-Y- ~=~ I I ' ~ttl . . 1~- -~-~-- --,j __ f-H- --~ ,- 1-- -:= -
-'-+-I- -l ~ - --L- i I I. I 1- Ll II r-: 1-~kli II ~~-=:~ I I --1- ·1-r-r--. ---1- ~-~-- 1 -=-~- -
I I '>-.. . - r-+- 1-' ' I- -, - f-H~l ; __..- ,-'-- _,_1 -- ~ "'-;1- -t- ' ·- -t-- .... -
_ ___j_l-_1_,_ 1-TI- ::b j_ 4;+~-_!__ I I • I 4 I I u __ c~--zy t _ _j_ -1 . I ·- I ___ !_" - _I_LI-- -- _1_J.__r ,~- I I 
...--...... ' ·_r ~ 1 ~-J ~--1-1--f-H-+ , ..c-~--~fj l-_ -t-J-1-,; . h=-· _ ; e--1-~i / ~ 
1 
-_~;_t)~ L 1 ; ' 1 1 1 iJ ___ ,_ r· --.'l-+-+++1-+-+-,""-F"::>l-+-B'~~~-~-ji-J-J-!e.-HHI=r 1 +l- I ·- ~- . i r I-F - 1 I ·-:r 1 r + ;.++ l 1-1-- ~-:--1 · -1 ~- -
. ~~~-j::_~~±-±-1,1-~I-+--J-,.1-•Hl I ·l-rr --1-- ~ 
1 
-1~- +t- __ 
1
_. 1 ___ 1 - :!_ 
1 
: [~-! 11.:::!=~- _ -tjl, !J 1! )~1]-_ ! ! : ~=t I l j !1. := t::..J. ==t-- =~- -1- -~~--~-+-L~-1-l-N.~ ,_- !- 1 1 ±r 1 .J f- ~~ -; - •~~~-+:- ~+\ -. :- r--- ~- -·1-i!=l -,-- , f 1" ,..._ I -!1·-+---l-l-l-t----t-!---lLI ' I ! I i l : t --y . ~--- I ' I -~ -I-HI--t-cH 
0 I ~,._.:11---!~H-)-+-,-~+-~i)..,"h-! ++1-H-1-!-l-1--1-H--H.-j ·1 I 11-1- e:-.J t 1 II -'- I~ . \ !_ J ; -1 _: -t I ~-;- ' I ' I I 
v ~ . ,....,. - I 1- 1- ~+-4 -i-=r -t1 '= -:- = t-t, I' i=ri-j- I ~=F-- - -1-H-1-+-!1 -1-1 
1 - - IJ .... ~r·•..-.,-1-lr-.-"-1-!.~1-1- ,_ ~-- r-+ - · -f- - -~-- 1 h --- 'H 1 1\ · 1 r i 1 1 , -t~- - i ,_ - --1-~-- -- -
I •k-: I ' ~ t-t- 1- ! 'il I_Ci. I I J_Rh! l I __ !_ II ! I : l .. I 1--;-, 
I I I I ~-~ 1- ~ =.t~L- _l_!_j_ .. I J -P-L ~- tJ. I ; _J , - - • 1 _q~··]~ -lj >-~h.+- --ll-t±l-l=r-CJ ~~::::t l-!-!-t-+-J-.J--+-J.-H-!-10!'-1" .t-. -ld - -h-, ll.hf-+++-J-J-1 m I I i-; . I I : 1 -1 j_ • e--._:_ : -t _, 1 : .
1 
I 1 I I 1-:-+-1-1-1---'--1 - -H 
..,1-1-+1 ..L-!-.-J.-+-1.1-J I I I I I ~-;- t----t; .... - • J i -1--fT T -~~r-- , '·- ·1 I ,-1 ' I -- -· ·- - ,~r-r- -,- - ·;- II I 
'-i-1-1-l--f-H-I-"[_\ I~Il++-.!.-JII:-I--I-I-I---l-1-+-1-+-l-ll I ~tl I ·Y ~ . . ~:=f+f-~rl -l-l-1~t-l-\ · : II r~ I -1 ~~--1 : -- I .. .. '~t-11 I ~ ~1+4-l-1-·· -I -+P=f-r-1 I ·)<'-1-r-;1- i +~ ~-- I 4- - \1 - t- -- ----t- -~ r--• '- I 1 I -Ll-1-j f~t-1-1 . i i ~- - 11- ·j I -~-r-'l\ - - . -j ~--
1 ·t It I- I 'f :to : l I I I I I I •· r- ++~--~ f I : ~ I . ~~~-11 ~ ~~ + j [ -_j_ i 1-l- m- ' , . I t::ttttt-t-L+~t~ ~-~---t....._P...;.;..I-t-4:..-t~-<bul_f-1-t--L-t_j:..~-=Ll 1 ~ ~_j_m. 1 z~~_ 1 I ~-+-I+ D I I L~: I 1 !W-+l+~+d::: I • -.L I 1 I I tr· I+~++-+-+-+-1-1--H-1--1-·I++-++1 ++-+--t-1- 1- t- -~ 1 1/ I , =Ff- T 1 i 1 · -,r-i\ i ·1-1- -n-u. --:-- . 1' \ 1 
\~1-J-j-J-1' '++n==N--l-4-+-'1-4+-t""--11 -1-+-~-1- -+-1-~H-1-+-1---1--lfi-- -H+ I/ - t--f-1 j ! -I+H- .I J--~ 1-1--- 1- ~--- -j-:- - ~~-
,_,. I ~ - ·-I I tr I I I h -1 I IJ L\ _II. r1 I -r ' ' -j- -- I 
-+-1---l--l--++·j-1- . I 1-j----]- 7 1-H--;--1 j -fl~l 111 r·· I -~-- I - ~-1-j-l-1 ~~+++++-~~~~~~ ,8b ~-~Lrl+;~_·++~~~~~~4~~-c-~·~~~-~-++~~~~~ ~r~ll~iT~-LL+r-·-~j~,+~l,_.:•~l--~-r--LI-+,'+'~~~-Hrr~l 7rr+l~,~-7++~+-~·-~-~~~-rrH 
~1--+--1~-!-+1 1-1--H-!-+-'--'-+-+-1--l-+'-1-!1 -+++~-~ I I :frj~f t - ~1 - I=J=tt~\111-~J ~~Ji]i~:--I'Pi~-~=~l±l- l_n- H,~~=L-~=--ktt=~_:l- ~--~--1-l-+-1-1 
1..-1 ; I _I - 1-1-i- II l I _l . -l .. ii+ - - t-:-- t- --- --',- -::: 
I _]_ I I ] 1.. t-·- ~- ' H I. I I +1-1-t-!1· : I l=FPi- [ It 1-++Hi· - ' --- ~-- \ ~-!-11--!-11--!-11--!--I~I---+-'H-H-+-+H-c'/ . ~-1- 1 1- 1 -~ -. 1 J-= ~-= 1 _ ' .1 · · 1 t:-1-~ 1 ·_ ~.::P+j:.T,. _ 1 1 -r II 1 1 -1-1-1-~++-+-•-+--t-l-H-+-1-4++-'1-+-1~~=1=- -- ~ 1 -~- -1-·-i- i! I. - f--"i=;- IIN ~ ~d--1--t' -J../ I---- -f-t-f-h l_l I :I I I I : . I ± : I ll 
1-+--1-+--f-1-·1- ·-
· t j r-)-);-l-'11 j-1 1--)-) Lj ~ 1 : p _. 1 -~~--~ ! 1 1_J±c1 1± rc· 1 ~I p 
- f--- FLI. . 1-1-+ -- t- -t-J-j 'I -·- -Tif I .!~~I,~-- ! . !L ~~~~ I ~- I ~-~ +-J--1 .. . I j ·, _1_1_1-r 
-l-1-+-1-1--li--H-1- -~ . - I I I- -ri-]-! - ~a I r r -lf:lf- -- I -+ -,._l-1- ·- IT I l--1-1-+--~-• +--l+++-+-~-1 .l-1- -:-f~ +-·I-- H-1-- II ---rn - q-! 1_1_ n~H- ·j 1 , I_:Ll-1--1 ~-~-H-~-~-- 1 1 
1-l-1--f-H-1--l--l I . -1- ~--1-L-.!+ I I 11]~-,_-ft-t±· II L_J __ __ I - _Ll::_ i-T-_,_:_.~ 1-L:-LLU .. I I ++H-t----t---1---,H 
1 1 1 -~- 1 1 1 1 1 L l-1- 1 -f-. , !---L• r, 1 1 1 _. , . I i-H-0-1 1 ~-t- -i-11-1--,-,--'L l-+-~-+-w -lw-JH-1-+-+-1 -'-1 t-t-T' 1 1 1 1 1 Tl_, 1 , jj~-+t-Ft- ITTT; . 1_ 1 1 ;::: _ _ --;~ . i- 1 1 1 rl .IJ 1 1,- _ ~~ 
l-+-l-1-1-l-1-l-+ 
1 l 1 1 .i -H-H-H-+-h rl + 1 1 1 ++ 111 .Ld H-1-H--1-1 ~ 1 -t--h 1 i +--1 1 + 1 1 - 111-
·v ·s ·n "! 'P"l'l 
ll"JNI 31l.L O.l sJ~~nos 01 
1)1-0RLS 'ON 
___ ¥:. 
~;11-
-16-
From the results in Fig. Iv, it appears that KCN inhibits the 
reduction of the dye by malic dehydrogenase. The importance of DPN 
on the other hand is very strikingly shown by the results. It can 
be safely postulated that the slight reaction without added DPN is 
due to DPN in the tissue homogenate. 
Diaphorase fortified the reaction in a way but does not s een to 
be necessary for the reaction. Since the previous workers (tJ7) (,:}.1 ) 
reported that diaphorase is not required for the reaC?tion, t he prepared 
diaphorase was tested, and found to shov a little dehydrogenase activity 
in the presence of potassium malate. It was concluded therefore that the 
fortifying effect was due to this dehydrogenase activity. 
The result of the preceding preliminary investigation suggest$d the 
slight modification of the procedures of Kuhn et al, and Jenson, as 
follows: 
Kuhn and Abood worked at final pH of 7.2 - 7.~. but the precedir~ 
results suggested a higher pH-- 7.5- 7.7-- for succinic dehydrogenase. 
Jensen worked at pH of 7, while a still higher pH of 8.0 - 8.6 seemed to 
be suggested by the results obtained in the pH curve. The concentration 
of the dye which gave highest reduction was not .01//o of total fi!lal reaction 
mixture (which was used by Kuhn and Abood) but .12% of the total final 
reaction mixture. Instead of 11 equal volume 11 of .1% DPN suggested by 
Jensen, 11 equal volume 11 of .2% DPN was found to give greater reduction. 
Finally, the reaction was run anaerobically since Kuhn and Abood 
reported bettwr yield of reduction under this condition. The slight 
modification seems to be justified by the results obtained after modifi-
cation as compared by the results before. These results are sho>m in 
Table V. The results were obtained by testing both methods using as 
sources of enzymes rat liver, kidney, brain and blood. 
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3. Testing of Method. 
Using the following procedure which is outlined in five steps, 
rat liver, kidney, blood and brain homogenates were used as sources 
of en~es for testing the malic and succinic dehydrogenase activity. 
Step I: Addition of reaction mixture minus homogenate: 
Eight Thunberg tubes were lined up in a rack which was half 
inwersed in a vessel containing plenty of ice cubes. To six of the 
eight Thunberg tubes the following were added: 
(1) .5 ml. 
(2) -5 ml. 
(3) .5 ml. 
Total 
of .5% TTC (modified) or 1 ml. of .1% TTC 
of .2 M Na succinate or K malatate. 
of M/10 phosphate buffer (7.8 pH) 
final pH 7.7 modified or 7.3 UP~odified 
8.3 for malate modified 
or 7 for unmodified 
(Ul1Illodified) 
Two of the tubes had buffer of pH 7.4 substituted for succinate 
or malate 
Step II:. . Preparation and addition of homogenate : 
'Hhen all the components of the reaction mixture were ready and 
added adult white rats which were normally fed, were decapitated. The 
liver, kidney, brain or blood were collected and 1-reighed in a beaker 
containing M/30 phosphate buffer (about 5-10 ml.). The weighed organ 
was homogenized in 9 volumes of M/30 phosphate bl~fer containing an 
equimolar quantity of K and Na and at pH 7 .l,. The homogeniser consists 
of a pyrex test tube (13 x 100 nrrn) and a snug fitting pestle beaded at 
the tip for cutting. It was operated by hand . The time of homogeni-
zation W"S.S between 2 and 5 minutes. The homogenate was filtered through 
cheese cloth and t he filtrate collected. 
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.5 ml. of t his homogenate was pipetted into each of the eight 
Thunberg tubes except for t wo of the first six which substituted buffer 
(pH 7 .,4.) for t he homogenate as enzyme controJ_s . Thus there were four 
controls : t wo ~dthout substrates , and the other t wo without enzymes . 
Step III: Evacuation, Incubation: 
In cases of anaerobic determi nation of enzyme activity, t..1.e t ubes 
~rere eva cuated for 5 - 10 minutes to a pressure of 6 mm Hg. The tubes 
were then incubated for 60 - 90 minutes in a water ba th a t 38 C. 
Step IV: Precipitation with Acetone: 
After 6o 90 minutes, the reaction was s topped by the addition 
to ea ch tube of 7. 5 ml. of acetone. The Inixtures were shaken vigorously 
and stored in the dark at 0.5 C for 20 - 24 hours. 
Step V: 
The acetone precipitated t he protein of t he r eaction mixture. At 
t he same time it dissolved the water insoluble formozan resulting from 
the reduction of TTC by t he enzyme or other reducing agent pr esent . The 
precipitated protein wa.s centri fuged off and t he clear transparent 
orange red color of the formozan read i n a Beckman DU spectr ophotometer 
at 485 mu. 
Step VI: Calcula tion: 
The amount of reduced forma zan in microgr e..ms 1-ras calcula ted from a 
standard curve made by plotting varyi ng concentration of reduced f orma-
zan ( 400~- 25l ) against t he corresponding optical densi ty . This i s 
essentially the method of Yoshio Sawada et al (71) a!l..d Kuhn a.nd Abood (3/) . 
Prepar a tion of St andard Curve: 
Reduction of TTC by sodi um hydrostufite . 
The formozan used to prepare the standard curve wa.s pr epar ed by 
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reducing 0.8 gms of TTC 1-rith 10 ml . of 20% sodium hydrosulfite. The 
rea ction was at room temper ature f or thirty minutes with constant 
stirring . The precipitsted f ormozan was f iltered by gr avity, a nd 
washed several t:iJnes with distilled water . Two ml . of 755S a cetone 
Y.rere used to r edissolve the formozan a1~ 15 to 20 ml . of d istilled 
water t o recrys t alize it. After purification by recrystalization 
and washing sever al t imes 1-rith distilled Y.rater, the fomozan rras 
Y.reighed and dri ed . The yeild was about 60% . 25j- L1.00f of f ormoza.n 
were serially dissolved in 10 ml . each of 75% a cetone and 25% we.ter . 
The corresponding optical densities were read in a Beckman DU spect-
rophotometer at 485 mu. The standard curve was dr2.1m from the d::'.t a. Ln 
Table V. 
TABLE V 
OPTICAL DEHSTI'IES OF KNO\-lN P110ill'ITTS OF FOP11IOZAN . 
formozan dissolved in 10 ml . of 
mixture of 1 part of H2o and 3 parts 
of acetone. 
0 
25 
50 
100 
1 50 
200 
250 
300 
350 
400 
The graph follows (Fig . V). 
Optical density 
0 
.125 
. 250 
. L.,OO 
. 700 
.720 
. 820 
1.15 
1.20 
1.23 
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The sta ndar d curve has c:m opti rnum r ange bet·Heen 25 / ( .125 ) 
a~'1d 250r ( . 820) forr:1oza.:n concentra tion . Hhen the concentr8tion of 
t he r educed :form.oza n in t he rea ction mixture HE' S above t h e optimal 
r ange , t he colored s olution was diluted i n ord er to brin; it ;-ri t~in 
t~1e opt:i.1aal r ange . Th is op t:i.na l r ange concentre-tion ti.rnes t h e d ilu-
tion f a ctor gave the orig inal concentra tion of the formozan in the 
rea ction mi xture . 
Since Fahmy arul \Valsh suggest.L$d t hat t he for::1oza n is not stable 
in a cetone (19), toluene -was tried as an extracting solvent . Th i s in-
valved some difficulty . In the f irst pl a ce the protein of t he r ea ction 
mi xture 1-ra.s not precipita ted . The1·efore one could not be sure tha t the 
rea ction H<:>. s s topped . In the second. p l a ce , there 'r>' 2.S v.. nuch loHer y ield 
of t he formozan i·Then compared to the y i el d ~-rhen 2cetone vras used . Fin-
a lly, contra r-y to t he conclusion of Fc.h11JY a nC:. Halsh , e. solution o :~ 10 mgrll 
f oTino zan (1-rhicb. Has p repared as descri bed 1m.cler Prepar c..tion of Standa rd 
Curv e ) dissolved i n 100 rn~ . of 3 p2.rts of a cetone ar..d 1 pa rt of 1-rater 
'.ms stored i n this labor.?,to:ry f or Si.'C n onths , ( three rr.onths i n the do.rlc 
a nd t h ree in light ) 1dthout any noticeable ch.s.nge of col or intens i ty . 
Ca lcc_u a t ion : Accord i ng t o Kuhn and Lbood ( '37) the m1.mber of units 
of en zyme i-ras calcul8.ted as follows : 
No of U.""li t s of enz;yme /of dye r educ ed fo r t h e first 10 mi nu tes 
mgm of tissu e (Het) 
-- ~ for:mozan X 10 
55 X 60 
Explanat ion : 
(a ) Since 15 ml . of 10% h omogenate Has used , this homogen...a.te con-
t a ined about 55 mgm of t i ssue (1-ret). 
(b) Si11.ce t he i n cubati on t i me Has 60 r~linutet> , t he f i rst 10 minutes 
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(assu.ming linecl.r rel ationship) could. be r ougi1ly estimated by- t aking 
1/6 of 60 mi.11utes . (This a ssu.r:1ption r:1ay not be entirely correct i n 
a strict quantita tive work , but suff ices for the present purp os e of 
the e:>."})erirnent ~ 
( c ) formozan HaS calcul ated directly f r om the standard curve 
a l ready referred to . 
(d ) The mean optica l dens i ·cy , which corresp onds to formozan of 
the standard curve , is the avera ge of th~ opti ca l densities of the 
four tubes minus the average optical densities of the t Ho control tubes . 
The remaini.11g t wo control tubes wi thout homogena te ( enzyme controls ) 
1-rere used as blanlcs by set t i ng t h em a t zero i n the spectrophotometer 
before mea suring t he other tubes . The details of a ty-pical eX'_t.J erim.ent 
a re summari zed i n Table VI. 
TABLE VI 
SET-UP OF li. TYPICAL EXPEF.JJ1SNT 
Tube A B c D E F G H 
. 5% 2 , 3 ,5 TTC . 5ml . 5 .5 . 5 . 5 .5 . 5 .5 
N/10 phosphate buffer .5ml .5 .5 . 5 .5 . 5 . 5 .5 
. 2 M K mal a te .5ml . 5 .5 . 5 buffer ~ . 5 .5 
.2% DPN • 5ml .5 .5 .5 . 5 .5 . 5 . 5 
10% homogenate . 5ml . 5 .5 . 5 .5 .5 buffer 
Total final pH = 8.3 
Ti.t-n.e of incuba tion = 60 minute.s 
Temperature of incubation = 38 c 
Total final volume = 2. 5 ml 
After incubation the rea ction was stopped b-.f the addition of 7. 5ml 
() 
of acetone, t h e mb:t ure 1-ras shaken vigorously and left at +0. 5C f or 20-
24 hours. The precipitated protein was centrifuged and the optica l den-
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Gities of the supernatBPt residue of the tubes A-F were read L~ the 
spectrophotometer with G and H tubes serving as blanks . 
The reading of the original 10 ml . of the reaction mb~ture (2 . 5 ml . 
rea ction mixture plus 7 . 5 ml . acetone) 1-ra.s so much above t he optimal 
range of the spectrophotometric readings that a dilution f a ctor of four 
1-ras necessary to bring it to t he optimal r ange . The dat2. are sh01m in 
Table Vll. 
TABLE VII 
DATA USED IN CALCULATION OF KilliN AND ABOOD UNIT 
Tube 
Final volume after addition 
of 7 . 5 ml . a cetone 
Optical densivJ after 
dilution to 20 rnl . 
Optical densivJ after 
dilution t o f±O ml . 
f ormozan of 10 r:ll of the 
f±O rnl . dilution (std . curve2 
Hultiplication of the above 
X 4 gives total formozen 
in Rv as follows 
Correcting for endogenous and 
other extraneous reduction, 
the average difference 
A B c D 
10 10 10 10 
1.20 1.:25 1.:20 1.:25 
. 550 .680 . 650 .680 
1!±5 185 17:2 185 
580 7!±0 692 7!±0 
688 - 332 = 356 
Unit of en~e accordine to Kuhn and Abood = 356 X lC 
55 X 60 
E F G H 
10 10 10 10 
.620 .600 0 0 
.]00 . 290 0 0 
81 80 0 0 
334 330 0 0 
Dye reduced 
= 1 .08 = 10 minutes 
mgr.1 of tissue 
(wet) 
Table VIII is the tabulation of results obtained by testing the 
t wo methods wi th f ourteen normal white rats . In each case the results 
were obtained by calculat i ons similar to those already described . 
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TABLE VIII 
:H.JI.J-'IC AND SUCC Tii!IC DKriYDROGENASE ACTIVITY OF NORHAL RAT TISSUES .:... 
TTC REDUCTION ~ffiTHOD. 
Tissue Substra te ~esult using the . Result using mod-
method of Kuhn and ified method. 
Abood and C.O.Jensen . 
• Avergge Enzyme units • Average • Enz.rme 
formozan . d;y:e reduced • formozan . units 
.units 10 minute.s.._ • units etc. 
- ---
mgm of tissue. 
Kidney lf malate A 282 .854 
Rats A, B, B289 .875 
C, D, E, F c 275 .8.3.3 
D 575 1.74 
E 600 1.88 
F 520 1.675 
Na succinate A 229 .685 D 500 1.54 
B 259 .660 E 505 1.54 
c 249 .750 F 490 1./+8 
Liver K malate G .356 1.07 J644 1.94 
Rats G,H, H .367 1.11 K 680 2 .06 
I, J: I .379 1.14 L 727 2.20 
Na succinate G 204 .618 J 490 1.48 
H 175 .5.30 K 450 1..39 
I 209 .6.35 L 500 1.54 
Brain K malate M 22 .069 0 240 .72 
Rats M, N, N 27 .081 p 280 .870 
o, p 
Na succinate M44 .18 0 .300 .9 
N .32 .09 p 290 .875 
Blood 
Rats Q,R, Both 0 0 0 0 
S, T 0 0 0 0 
The only results available in the liter at ure pertali~ to the 
reduction of TT6 are those of Kuhn and Abood in t he determination of 
succinic dehydrogenase in rat kidney, liver and brain, viz., Table IX. 
-24-
TABLE IX 
ENID1E UNITS REPORTED IN THE LI'l'ERATURE. KIDNEY, LIVER A11J) BRAIN, 
SUCCINIC .Al'ffi MALIC DEHYDROGENASES. TTC REDUCTION 1'-fETHOD. 
Tissues 
Kidney 
Liver 
Brain 
Kidney 
Liver 
Brain 
Kuhn and Abood (43) 
Jensen (35) 
Enzyme units 
Succinic dehydrogenase 
1.72 
1.56 
-75 
Malic dehydrogenase 
No quantitative data 
" " " 
" " 
II 
There is good agreement between the literature data and the 
experimental results, although the experimental results are in some 
cases some"fma t lower t han the literature data. This is true only with 
the modified method. vli th the direct method only approximat ely half 
the result reported by Kuhn and Abood could be obtained. Since these 
experiments were done with different batches of rats on different days, 
it is dif ficult to say whether t he remarkable difference in results ·: 
due to the use of the modieied method was due to the change of method 
per se, or to individual variation in enzyme content of the rat tissues 
used. This i s especially so with the succinic dehydrogenase system 
where there -.ras hardly any modification. 
There ha s also been justifiable doubt as to the validity of cB.l-
culating Kuhn a nd Abood units from t he modified method. Accordingly a 
neu unit system was adopted. A unit of enzyme, a ccording to this new 
system is the amount of enzyme necessar y to r educe one gamma of dye i n 
a given time. This unit is a simpler one and since all the ten percent 
-25-
homogenates contain approximately 55 mgm of IIet tissue, it is not 
necessary to divide by this weight. Therefore usil1g an incubation 
period of one hour , the column under Average Formozan Units beco-
mes the ~tts of enz.yme . (Tabl e VIII ) 
4. Sensitivit-y of the H~thod: 
The next question is how sensitive is this method. In other 1-rords , 
horr ~ar can the homogenate be diluted before there cea ses to be any 
noticeable reduction of the dye? This was tested for b-y using seria lly 
diluted homogenate as source of ensyme . Table X is the result of an 
experiment with mali c dehydrogenase of r~t t kidney . 
TABLE X 
SENSI Tr JITY OF TTC HETHOD. RAT KIONEY HALI C DEHYDROGEi:i.4-SE 
Cone. of 
homoge:n.:::_te Optical Densi t y 
1..38 
. 680 
0 .3.3 5 
.1.37 
. 065 
'0 
Ne~-r Enzyme Unit Unit 
400 
190 
90 
4.0 
22 
of Kuh n 
1.21 
. 57 
. 27 
. 12 
.06 
&Abood 
From the preceding date:. it co1..1.ld be conclud ed t hat this me t hod C<'cn 
pick up c:. t lea s t 2 . con centr2.tion of enzyme units of • 06 (Ku.hn s.~ Abood ) or 
22 . (ne-vr U:nit) . In oth el' 1-rords t h e enzyme in t h is tissue i s detectable 
color:i.Jnetrically or visua lly provid ed tha t lec.•. s t 22 fo rmozan per 10 ml. 
of solution a r e f orrn.ed by the sys t em . 
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5 . Application of the Hethod~ in the I nvesti gat i on of Hu.m.an Pl;:;~ sma 
for the Presence of Succini c and Halic Debydrogena ses . 
Prepc:~ro.tion of pl asma a nd serum. 
Bl ood ~-ras dra >r.o. f rom subjects a nd put into a l a r ge tes t tube 
( 2 em X 25 em) containing a fe>·r mgms . of Liquoi d (Hoffma n LaRoche Co .) 
as the anticoe.gulant . 1'-Iixing •ras done gently to avoid h emolys i s . 
Centrifugation a t top speed (JOOO xg-) ~or 60 minutes , esse:i1ti;-~lly the 
method of St"PUt'1i a anc1 McGrr:n·r e t a l ( 6lil) ~-ra s used to separa t e the 
forned elements from the pl asma . After centrifuga t i on, a d i s tinct 
buffy Hhite coa t sepa r a ted the clea r transparent pl asma a bove from t h e 
r ed , tl'dc~( formed elements belo\·T. The ple, sma 1-ro.. s r emoved Hith e. dropp er , 
c.stre bei ng taken to s tay c:. s far a s p ossible m-ray frc· 1 the buffy coa t . 
To tes t for t he presence of l eucocytes , platel8.ts , etc ., in the 
plasma , the plasma. -vms recentri fuged . The bottom sedi ment 1-ras smeared 
on slides a nCI. \rJright -sbrined . The stc:. i ned slides sho;-red no evidence of 
con t;::c,CJ.ina t i ng formed elements . 
Serum uas finally used , 'i n order to mi n :i.L-:J.ize the chance o.> of con-
t ar:liYJ..ati on by formed elements, most of 1-rhich a re knovm to contain mal i c 
and su ccinic d ehydrogena ses (B$') . 
Di rect appl i cation of t he mod ifi ed method using 0 . 5 ~·11 of sermn 
i n pla ce of 10%-homogenate did not shoH a ny reduction under a erobic 
conditi ons . Anaerobica lly, however , t h ere ~-ras r educt i on . The reduc-
t i on il"lcr~ased much more 1-rhen t_'f).e time of i n cuba tion was lengthened from 
6 to 1 2 h ours . I ncreased concentra tion of sertllll ( from 0 . 5 n l. to l.O nl) 
a l so increa sed t he redu ction bu t d i d not increa se i t tim fold . 
The much h i gher reduction obt ained ana.erobically led to the suspi cion 
that. one mi ght be deali ng uith b2ccteri a l contamina tion . The p os s ibili-bJ 
of bacterial contamination uas, hm-rever, eJj;minc:. ted by: 
(l) Prepar~1g the SerQm under aseptic condition, and 
(2) setting up controls conta ining everything but sertun 
(-Hhich wa s substituted for by a tluffer with pH 7 .8). 
-27-
The controls in si-x: of seven experiments did not shm-r any red-
uction l·ihile samples containing sermn redu ced. 
Since the reduction of the dye seemed greater ~1 the t ubes with 
pota ssium malate and sodium succina.te than in the tubes ·Hithout those 
substr&tes, it appeared that succinic a ru::l malic tlehydrogena ses might , 
be present in the serum or plasma. 'Hi th Na: succinate, the cliff erence 
Ha s very sli ght . Hm-rever, Hith K malate the difference wa s more mar ked · 
and deserved further ~1Vestigation. These results obtained from about 
20 subjects appear in Ta ble Xl. 
6. Inhibition Test: 
It 1-ras decided t herefore, to test the presence of whatever enzyme 
is responsible for the reduction in a negative -y;ay by use of specific 
enzyme ll'Lhibi tor. NaF fJI.-;5 ) in the concentration r ange of • 01 M to 
.1 M HB. S added to t he re<:~ ction mixtm~e. This did not inhibit the re-
duction of TTC by the serum 1-rith potassium malate as substra.te as com-
pared Hith the SEtme serum without the inhibitor. Since NaF of t h is concen.:. 
tration range was knmm to inhibit malic dehydrogenase at least in react-
ions >-rith methylene blue, failure to reduce in this case led to t~e suspic-
ion that the entire dye-reduction in the serun1 might not be en~atic. 
7. Heat Test: 
Heating first to 65 C for JO minutes and later to 70 C for 15 min-
utes did not iJLh.ibit or s top the reduction of the dye. In some cases the 
boiled samples actually reduced more than the unboiled samples. Heating 
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to 70 C for 15 minutes caused coagulation of the serum. Distilled 
water ·Has used to suspend the coagvlum in solution before it could be 
used for the experiment. In a fe>-r cases there was no reduction. The 
explanation of t hi s is not YJlo>-m. 
Possible explanation: 
Several theories may be offered to expla in wha t was happening in 
the t est tubes of the reaction mixtures . The first theory is that per-
haps the enzyme present vras destroyed, but tha t heating libera ted sulf-
h>rdryl groups which still reduced this sensitive dye. 
The second theory is that the enzymes are too stable to be dest-
royed by heating at 65 C for 30 minutes or at 70 C for 15 minutes. 
The ·third theory is t hat the reaction as a whole is not enzymatic , 
but that the addition of potassium malate might have produced a redox 
potential more favorable to the reduction of the dye ~~an should have 
been the case were potassium malate omitted. 
The second explanation is the weakest. The first and third theories 
1-rould be an interesting field for further investigation. The results 
which led up to these conclusions are sho-~ in Tables A~ and XII. 
Subject 
R.B. 
A. A. 
A • . A. 
0 . R. 
R. B. 
0 . p H o 
R. R. 
11 . R. 
1'1 . R. 
A. A. 
A. A. 
o. R. 
o. R. 
J. c. 
N. J;f . 
J. c. 
TABLE XI 
l'iJ\j:.,I c Al'TD SUCCINI C DEIIYDl10GEHASE ACTIVITY OF HillfA~·T BLOOD 
Nal i c Dehydrogenase Succinic Dehydrogena se 
Optical Dens i t i es 
Plasma Cells Control 
A =B-":::'C D A B 
Control Cells CoEtroJ. Plf1.SI;la ( serw!J)_ __ Control 
--::---- ---- ---- -- - - - ~--
c D E A B C D A B C D E 
0 0 0 
0 0 0 
. 590 . 550.420 
._360 . _350 
.650 . 686 
0 0 
0 . 0.35 
.050 
. ~_60 .055 
.175 
. 200 
.2_30 
. 250 .225 
.340 
. 650 
. 2_36 
.100 
.105 
. _355 
. 265 
.250 
0 
.050 
. 0~.0 
. 065 
.145 
.195 
.220 
.175 
.JOO 
.686 
.2.35 
.085 
.095 
. _340 
. 295 
. 200 
0 
.050 I 
.030 
. 0~5 
Ant:cerobi c 
0 
0 
0 
0 
.04 
.06 
.08 
.09 
.215 
• 550 
.100 
0 
.01 
. 250 
• 1.3 5 
.150 
_ __.;:.;;. __ ....::;.. _ _:._ ~- ---------
0 
0 
0 
0 
.04 
.06 
.08 
.08 
.100 
0 
0 
0 
0 
0 0 
0 0 
0 
0 
.085 .040 .020 0 
.100 .090 .03 
0 
.085 
.125 
.040 
.150 
.085 
.050 
.030 
0 
.060 
.105 
.060 
.130 
.150 
.065 
.01,.5 
0 
.0'75 
.125 
.015 
. 06 
.06 
0 
. 06 
.095 
0 
.110 
.075 
. 0_30 
0 
0 
.040 
.095 
0 
.05 
.0_30 
0 
Pooled Serum 
Determination r~l . 200 .205 .120 
=/!2 .180 .170 .105 
#.3 .160 .170 .090 
!1~- . 245 . 275 .147 
#5 .085 .075 0 
TABLE XII 
Malic and Succinic Dehydrogenase Activity of Human Blood Condensed From 
Table XI. 
Optical Densities 
Subject Malic Dehydrogenase Succinic Dehydrogenase 
Cells Plasma (serum) Cells Plasma (serum) 
R.B. 
A.O. 
O.R.. 
A.O. 
plasma 
R.B. 
o.R. 
R.R. 
11 .R. 
M.R. 
A.A. r ecent=.05 
whole blood=.07 
A.A. 
o.R. 
O.R. 
J.C. 
M.H. 
J.C. 
Pooled serum 
A (boiled) 
B (not boiled) 
C (boiled) 
D (not boiled) 
E (Boiled) 
F ( NaF) 
G (no NaF) 
1·1.M. 
Fresh (not boiled) 
1st boiled 
2nd boiled 
serum 
.045 
.04 
.045 
.055 
Anaerobic 
.120 
.137 
.140 
.110 
:105 
.118 
.135 
.092 
.100 
.097 
.105 
.119 
.070 
.og5 
.099 
.065 
.085 
.095 
.097 
.110 
.094 
.115 
*rec.=.065 
whole=.075 
r ec.=.02 
whole=.06 
rec.=.04 
whole=.06 
.035 
.04 
.025 
X 
.070 
.030 
.030 
.040 
.050 
.035 
.030 
.0~5 
.035 
.06 
.og 
.04 
~- The figures in Table XII were obtained ~J ca lcula ting the average of 
the duplica te samples in '.Eable XI. The va lues for r econsititued blood ·vrere 
the dehydrogenase a ctivity obtained when the packed cells were i solated f r on. 
the i r supernatant plasma a nd reconstitu ted to original volmnes >-ri th isO:S~motic 
. 
a lbumt'Yl solution. These va lues 1-rere compared wi th values obtained with hemolyse 
>-rh ole blood in order to see h o>-r much difference t he absence of pl a sma >-Tollld make 
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II THE TH1J.NBERG TI!lCHNIQUE ( H B REDUCTION HETHOD) 
The mea surement of dehydrogenase activity ~ the use of the 
Thunbel~g technique was adopted as a mea ns of ch ecking the compa r a-
tively new method of TTC. The 1-rorks of Elliot et a l (18), Green (23), 
Str~,uiJ (61), and of Gale and Stephenson (22) are important references 
in t h is connection. 
1. Preuarations: 
Since according to these workers, cytochrome c and diaphorase 
are necessary in the MB reduction method for succinic and malic dehydro-
genases assay, their pre12aration Ha s undertaken. 
(a) Cytochrome C: 
'This was preapred from frozen horse and ox heart respectively. 
The method of Keilin and Hartree (3/,3l , 33) was used. 
Test for property and purity of cytochrome c. 
The spectra of the dark red solution prepared were followed in 
the visible region between the 1frave lengths of 470 - 800 mu. 
According to Keilin and Hartree (30; , four different bands of 
cytochrome c appea r at different pH's; three of tha.rn between 
the pH's 4 and 8. These maxima are at 530, 560, 695 mu. In 
the sample prepared, only one peak appeared at 530 mu. Ox 
heart liaS tried and again only one peak appea red at 530 mu. 
Then a few mgms from a commercial product (Nutritional Bio-
che..YJlicals) was tested, and again only one peak appeared a t 
530 mu. Since the Beclanan DU spectrophotometer is very sen-
sitive and presumably capable of separat:Ulg the various Have 
lengths, this anomaly could not be a ccounted for. 
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Since the commercial product behaved in all other respects, 
(color, solubility, etc.), with the prepared sample it was decided 
to pass the preparation as good. TI1e results of the t ests are 
graphically illustrated in Fig. VI. 
The concentration of ~he prepared cytochrome was calculated 
from a standard curve (graph of optical densities vs. concentration) 
made with a few mgms of commercial product diluted serially. The 
concentration was found to be about 185 mgm/ 100 ml of solution; the 
measured opt ical density being • 810 as shm-m belm-r. (Fig. VII) 
(b) Diaphorase 
This 1-ras prepared from rabbit skeletal muscle according to the 
method of De1-ran and Green (17b) 
Measurement of diaphorase activity was done by following dehy-
drogenation of DPNH2 by disappearance of its typical absorption 
bani: at .3.34 mu. The activity is expressed as decrease of extinc-
tion· calculated for .1 ml enzyme dur:L.ig the first 10 minutes. 
(See Table XIV) 
The DPN was reduced with sodium hydrosulfi te according to ~he 
me~hod of Lehinger (J,...O) • The extent of reduction was tested for 
by following the spe(; t.ra in the ultra violet region between the 
wave lengths of 240 mu and .370 mu. The absorption peak of reduced 
DPN appeared at .3.34 mu, replacing to a great extent the absorption · 
peak at 260 mu. characteristic of DPN. (See Fig. VIII) 
The rea ction mL~tures which were used to t est ~he diaphorase acti-
vity are described in Table XIII. 
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TABLE XIV 
Measurenent of Diaphorase Activity 
1s t 2nd of for Optical Densities 
Readi ng Reading Range of optical l s t 10 A B c D 
Time Ti"!Jle Time densit;y: · mi nutes 1st2nd l st2nd 1st 2nd 1st 2nd 
9 .58 10 .0.3 5 mi n . . 225 -450 .775 
. .• 5 5.0 . .. 
'' .. - . 
10.8 10.13 5 min. .195 .390 
10 .30 10 . 38 8 mi n . .380 
-475 
10.35 10 .42 7 min. .320 
-450 
Control 1-ri thout dic.phor~: s e 
X 
11.02 11.12 10 mi n . .165 .165 .480 
. 32 
11.07 11.16 9 mi n .• .130 .1~4 
11 . 22 11.37 9 n :in . . 230 .250 
Average - f or l s t 10 mi nutes = - ~~.25 (with enzyme) 
Average - for l st 10 minutes = .1860 (vi t h enzyn e) 
Enzyr:le e.ctivity . 2565 
140:1097 
Ref .--Corran., Struab, and Green, Nature 143 : 33'7 
(1937) 
(1939 ) 
• 620 
.1,20 . 
• 640 
. 260 
. 650 
.330 
y z 
-430 
.300 
. L1-80 
. 356 
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TABLE XIII 
SET-UP FOR TESTING DIAPHOllil SE ACTIVITY 
Experiment Control 
1/1000 HB .1 ml 1/1000 NB .1 ml 
Diaphorase prep. .1 ml .1 ml 
DPNH .125 mgm .125 mgm 
11/10 phosphate buffer M/10 phosphate buffer 3.675 
(pH 7.4) 3.67 
Total volume 4· ml Total volume 4· ml 
Temperature 24° C 
Table XIV shows the results obtained. 
2. Test of the Tunberg Cfechnique with Rat Kidney and Liver as 
Sources of En~es. 
Table XV shmrs the systems used to assay the malic and succinic 
dehydrogenase content of r a t liver ap~ kidney. 
TABLE XV 
SET-UP FOR HETHYLENE BLUE REDUCTION 
SuccL~c dehydrogenase Tube Malic dehydrogenase 
a b c a 
Tube 
b c 
1/10001-fB • 5ml • 5ml • 5ml 1/1000 MB 0 5ml 0 5ml 0 5ml 
.2M sodium succinate 1.5ml 1.5ml 0 .1M malate 1. 5ml 1. 5ml 0 
M/15 phosphate buffer 1 ml 1 ml 1 ml KCN M/33 .lml .lml .lml 
10% tissue homogena$t 1 ml 1 ml 1 ml Diaphorase .5ml 0 5ml .5ml 
DPN (2%) .5ml 0 5ml .5ml 
Buffer (8. 5) 1m1 lml lml 
!1.:0% Tissue l:ifll m::L lml 
Homogenate 
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TABLE XV continued. 
Temperature -- 3go C {water bath) 
Liver homogenate -- decolorization time = 43-45 mins. 6- 8 min. 
K~ey homogenate - decolorization time = 20-22 mins. 15- 16 min. 
Control - decolorization = ~ Liver 16- 18 min. 
Kidney cC 
Three test tubes A, B, and C were used for each system. The tube 
C. is the control in either case. The homogenates were prepared as in 
the case of 2,3,5-triphenyltetrazolium chloride. 
The liver succinic dehydrogenase took 43 - 45 minutes to decolorize, 
while ~he control did not decolorize, at least after one day. The kidney 
succinic dehydrogenase took 20 - 22 minutes to decolorize, while the con-
trols did not decolorize after a day. 6 - g minutes were required for 
the malic dehydrogenase of the liver to decolorize while the control took 
16 - li3 minutes. The kidney malic dehydrogenase took 15 - 16 minutes to 
decolorize while the control took an infli1ite time to decolorize. Rat 
blood tested with the above system did not decolorize MB for at least a 
day. 
Calculation: 
Substra tA..ffi = u1 02 equivalent of total ME reduced 
hr X mgm tissue 
MX t - . t sub :X: 60 
t t sub X 
vJhere M= 02 equivalent of the total .HB reduced 
t = time in minutes for reduction in absence of substrate 
t sub = time in minutes for reduction in presence of substrate 
., 
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t - t sub ·= fraction of total MB which is reduced qy 
t substrate 
~ Substrate NB = oxygen consumption (measure of dehydrogen-
ase activity) of MB in presence of the 
specific substrate. Actually MB takes off (H) 
Moles of MB = .001 
Oxygen equivalent = .001 M 
Oxygen equivalent in ul = 22./+ X .001 XlOOO 
+ 22.4 ul 
Liver 
Succinic MB = 22.4 X 60 = 59 mgm/tissue 
45-5 
Kidney 
Succinic MB = 22.4 X 60 :1: 119 mgm tissue 
22 X .5 
The two values for succinic dehydrogenases in liver and kidney 
were 59/ mgm of tissue and 119/ mgm of tissue respectively, which 
compares well with the literature value, (18,58) of 66.4 and 138 per 
mgm of protein respectively. 
The values for malic dehydrogenases were calculated to be 185/mgm 
of tissue and 176/mgm of tissue for liver a~n kidney reppectively. 
These values are in the relative order of values obtained with t he 
reduction of the TTC, viz: 
TTC-- -
(185) (176) (119) 
liver malic kidney malic kidney 
dehydrogenase dffi~drogenase succinic 
(727) 
2.20 
(600) 
1.88 
(500) 
1.54 
(59) 
liver 
succinic 
490 
1.48 
(new units) 
(Kuhn & 
Abood units) 
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3. Application of the method in t.."rJ.e investigation of malic and 
succinic dehydrogenases in plasma: 
It was found that t.."rJ.e diaphorase prepared showed a little 
malic dehydrogenase activity. This might tend to make any positive 
results with plasma or serum ambiguous and equivocal. In an effort to 
solve t..he difficulty, heated serum was used as a control. This assumed 
that heating destroyed the enzyme and that any observed activity would 
be due to the malic dehydrogenase present in the diaphorase. On boil-
ing, the serum turned somewhat milky white due to protein coagulation. 
This made it difficult to coW.pare with the unboiled serum. Apart from 
this difficulty, there was no noticeable difference bet'i'<een decoloriza-
tion times of the two samples. In each case this was about 45 minutes. 
This meant that the reduction could be attributed solely to the enzyme 
in the diaphorase. The succinic dehydrogenase system did not show any 
reduction when tested in plasma either with or without cytochrome c. 
(a) Slight Modification 
The concentration of methylene blue was reduced from M/1000 
to M/5000. Since the reaction should take place in 14 minutes 
without diaphorase provided that t..l-le DPN was appreciably reduced 
in that time, diaphorase was entirely ommitted. '\-lith this mod-
ified system there was ver,f, very slight decolorization of meth-
ylene blue which was·, discernible only against a white background. 
Furthermore, the slight decolorization appeared after 3 hours 
incubation, not after 45 minutes. 
(b) Inhibition Test 
Once again, a specific e~e inhibitor test was used to see 
whether the reduction could be due to this specific enzyme (malic 
dehydrogenase). NaF in the concentration range of • · 
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.001 M to.l M could not inhibit this slight decolorization -- just 
as in the case of formozan reduced by the serum. 
The serum of hro human subjects and pooled human serum were 
tested by t..h.e MB technique, all with the same results. 
-36-
CONCLUSIONS AND DISCUSSION 
This investigation can hardly be regarded as conclusive, t hough 
it strongly indicates t hat if the enzymes are present in human serum, 
their concentration is extremely lm-r. Certain complex problems present 
thems elves. lfuile cya nide may inhibit cytochrome dehydrogenase or fix 
oxaloacetic acid and t hereby promote reduction by inhibiting oxidation, 
it may also form reducing substance~ one of which would be cystine from 
cysteine. \olhile heating may destroy malic dehydrogenase of t he pla sma 
a nd thereby serve as adequate check or control, it may also libera te 
sulfhydryl groups which are good reducing agents. These reducing sub-
stances can and do viciate the significance of t..h.e experimental results 
in certain oxidation reduc~ion reactions. 
Even if experimental results of this type shm.;r tha t plasma contains 
malic and succinic dehydrogenases, it would be difficult to prove that 
the enzymes do not result from mechanical friction or rupture of the 
formed elements. The platelets and l eucocytes which are kno-vm to contain 
these env.rmes are easily ruptured. It is poss ible t hat the force of cent-
rigugation could do this. The fact that completely lysed platelets lose 
their dehydrogenase a ctivity leaves the leucocytes alone to consider. 
Tetrazolium salts, in spite of their inherent weakness, lllce sensi-
tivit-y to pH, high alkalinity, sunlight and oxida tion potential, are 
powerful new tools in biochemical investigations. Recent advances in t..h.e 
use of this group of dyes were reported recently by contemporar,y workers 
in the field at the February 14-t..~ meeting of t he New York Academy of 
Science (1955). The discussions at tl1at session showed that many of these 
investigations are beset with comparable unsolved problems. 
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ABSTRACT OF THESIS 
Introduction 
The aim of the experiment is to search for malic and succinic 
debydrogenases in normal plasma or serum. The role which these two 
enzymes play in cellular metabolism, the unique way in which plasma 
reflec.is many cellular metabolic changes, the discovery of so many 
cellular enzymes in plasma, and the vagueness of knowledge about 
the relation of cellular enzymes to plasma protei..11.s in general, seem 
to justify the search. 
History 
Malic and succinic dehydrogenases are widely distributed in 
certain tissues of most forme of life, from the bacterium to the 
primate. 
Starting wi~h Batelli (13a, 12, 13b) and Thtinberg (63) who first 
discovered these enzymes, most workers however reported results of in-
vestigation of different tissues of the rat. Elliot and Greig (18) 
reported a considerable quantity of succinic debydrogenase in rat 
kidney, liver, and heart. He found .tl1at addition of cytochrome c 
accelerates reaction. Potter, Schneider et al (49) reported rapid in-
crease in succinic dehydrogenase activit.1 during late embryonic and 
early post natal life. The activity in liver tumors was reported (56) 
to be one quarter normal. Meyer (.4f:h) disclosed ~'Qat the activity in 
functional copora lutea of rat ovaries during pregnancy is tlm and one-
half times greater than in non functional diesterous copora. Agather 
et al (2) reported that total dehydrogenase activit.y of tissue from 
normal and tumor bearing mice is independent of sex, strain, and age 
of animals. Ne~b. (/PJq.) found ~11at sei'UI!lS from rats with transplanted 
tumors were less eff ective than normal rats serum for reducing 2,3,5-TTC. 
' /"! -
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Rat thymus, pancreas, spleen, and blood were reported to be l acking 
in succinic dehydrogenase by Laskowski ('39). Among more diversified 
workers ·are; Straub (61) who isola t ed mal ic dehydrogenase from pig 
heart muscle; Albaum (4) who reported increased dehydrogenase (succinic) 
activity in chick embryo; Anderson (5,6) who proved t he importance of 
DPN in dehydrogenase reaction with washed yeast; Koppel (.35) who reported 
activity in hliman morphologically intact platelets; 1-laldo (67) who 
sho1-red inverse relation between TI'C reduction and phosphatase activity 
in human plasma; and Fawcett (20) who reported that brown adipose tissue 
has more dehydrogenase activity than white. 
EXPERD1ENTAL 
There are at least four established methods for the determination 
of succinic and malic dehydrogenases, namely; 
(1) Heasurement of 02 uptake in a Warburg apparatus (55). 
(2) Measurement of time of decolorization of MB (66,47). 
(3) Measurement of TTC reduced (<9,33,c7,71,3f). 
(4) Measurement of reduction of cytochrome c (16) at 550 mu and 
of reduced DPN at 334 Mn(25). 
The methods of Kuhn et aJ_ (?f;) and Thunberg (GfJ ) ''ere chosen for 
this work because of their simplicity and accessibility. 
METHOD OF KUHN et al. 
Kuhn et al (37) and Yoshio et al (71) adapted the reduction of TTC 
to quantitative co-~orimetric determination of dehydrogenase activity. The 
dye is reduced to water insoluble, acetone soluble formozan by the e~es 
in the presence of· specific substrates. Thunberg designed a special tube 
iii 
for anaerobic reduction of methylene blue by the enzyme in the pre-
sence of the necessary substrate. An anaerobic condition is necess-
a~r for the demonstration of leuco~ethylene blue which is auto 
oxidizable in the presence of 02. Before testing the presence of 
malic and succinic debydrogene.se in rat tissue and plasma by the 
method of Kuhn and Abood, it was necessary to determine the optimum 
concentrations of the dye, the buffer, the coenzyme I (DPN), and H+. 
These were found to be .12% of TTC, '072% DPN, of the total reaction 
mixture. The optimum pH of malic is 8- 8.6 and of succinate is 7.5-
7.8. The buffer concentrations of M/2 to M/32 have the sa~e effect. 
KCN •~s found to inhibit reduction of TTC, DPN accelerates, 
increases it. Diaphorase has no effect on it. Such findings a s 
preceded led to slight modification of methods of Kuhn and Jensen by 
working at higher pH, and higher concentrations of dye and DPH. 
Basically, 5 steps lime involved in the test. The first is t he 
addition of reaction mixture at optlioal concentrations with controls 
provided. Equal volumes of .5% TTC, .2M substrate and M/10 phosphate 
buffer were mixed. The final pH ;_ Ma:-so_ ~ ,-. 7. 7 for succinate and 8.3 
for malate. 
The second step is the preparation of homogenate by removing 
the liver, kidney, or brain from the decapitated rats and homoge!l..izd.ng 
in 9 volumes of N/30 phosphate buffer for 2 to 5 minutes. Equal volumes 
of the filtered homogenate 'lo16:"e added to the reaction mixtures. 
In the third step the tubes of the reaction mixture vrere evacuated 
for 5 - 10 minutes to a pressure of ~~nd incubated for 60 - 90 ~..inutes 
in a w·ater bath at 38°C. At least four ·antral tubes were run concurr-
iv 
ently, two for enz,rme control (without homogenate), and t wo for 
substrate control (without substrate). 
TI1e fourth step. After incubation, the reaction was stopped 
by addition to each tube of three volumes of acetone. The mixtures 
were shaken vigorously and stored in the dark at .5°C for 20 - 24 hrs. 
The fifth step. The precipitated protein sediment was centri-
fuged off, a:r..d · the clear transparent orange-red color of the forma zan 
was read in a Beckman DU spectrophotometer at 485 mu. The amount of 
reduced formozan in micrograms was calculated from a standard curve 
made by plotting varyiDg concentration of reduced formozan (400o-
25~) aga inst the corresponding optical density. The reduction was 
done by sodium hydrosulfite, the yeild 1i:s about 60%. 
The enz,rme unit ;.ras cale1.1la ted by the equation: 
e reduced for the 1st 10 mi n . 
mgm of tissue (wet 
Sensitivity test indicated that the lower limit of formozan con-
centra.tion that can be measured calorimetrically \lis 22 ;r /10 cc of 
solution. 
Rat kidney, liver, brain, and blood were tested for ~zlic Q~ 
succinic dehydrogenase a ctivity as a control and f or the purpose of 
testing the TTC method before its use in the investigation of human 
plasma. The r esults of values obtained by such test shows good agree-
ment with results of values obtained by other workers as the tabula ted 
results show. 
The measurement of dehydrogenase activity by the use of the Thurberg 
(66,47) technique was adopted as a means of checking the comparatively 
new metl1od of TTC. Cytochrome c and diaphorase meeded f or this reaction 
were prepared and tested for their properties e.nd approved. The 
test system by the Thunberg technique is as follows: .5 ml of 
m/1000 MB 1. 5 ml of • 2N substrate, 1 ml 10% tis sue homogenate a:P.d 
1 ml M/15 phosphate buffer were reacted in a n evacua ted TI1unberg 
tube and time of decolorization ascertained. For malic dehydrogen-
ase DPN ( .5 ml of 2%) and -diaphorase .5 ml '\-rere added to the above 
test system. 
The enzyme units i-rere calculated from the equation: 
Sub ~MB = ul 02 equivalent of to~l MB reduced 
hrs X mgm tissue 
The hro methods checked fairly well as can be shown by the 
following comparison of the relative magnitude of units of enzymes 
calculated by the two systems: 
MB (TI1unberg t4chnique) (185) (176) (119) (59) 
v 
Liver malic Kidney malic Kidney 
dehydrogenase dehydrogenase Succinic 
Liver 
Succinic 
TTC (Kuhn & Abood) 727 
2.20 
600 
1.88 
500 
1.54 
490 (new unit) 
1.48 
The t1-ro methods 1-rere used in the investigation of human plasma 
from about twenty subjects. The plasma was prepared according to the 
method of Strumia (6lb) a1rl serum by essentially the same method, except 
tha t no anticoagulent was used, and clotting was a llmved to take place for 
one hour. There was more reduction of the dye in the serum with malate 
than in the serum without-malate, but the reduction could not be proved 
to be e~tic since heating, and specific enzyme ir~ibitor (NaF) could 
not lessen or inhibit t his substrate specific reduction. The extent of 
vi 
reduction however,wa~ very low. Although the result of the investi-
gation is hardly conclusive, the experience gained in the use of TTC, 
the many problems raised, and the solution of those problems------
may .eventually be of some aid in the future final ve1~ict. 
